Foreign Patent Documents 

Document No.: 9 170914 , published June 30, 1997 
Country^ Japan 
Copy of reference : attached 
Language: non'English 
Concise Explanation of Pertinency: 

[On page paragraphs 0064-0065] 

[0064] (Embodiment 3) FIG. 11 is an explanatory view illustrating examples 
of a non-planar object having a known shape, which is used in Embodiment 3, and a 
feature pattern provided on the surface of the object. Elements of the feature 
pattern are distinguishable from each other, and the positional relationship between 
the elements is known. 

[0065] FIG. 11 (a) illustrates an example where a known feature pattern is 
provided on a frustum, and FIG. 11 (b) illustrates an example where a known pattern 
is provided on the inner surface of a bowl-shaped object. By disposing a known 
pattern on a non-planar object as in this embodiment, it is possible to extend the 
ranges of the photographing position and the attitude, in which photographic 
parameters can be extracted, without changing the way of setting an object of an 
unknown shape. Further, it is possible to avoid a degenerate solution in the 
photographic parameter extracting (S2 in FIG. 4), and improve th stability and 
accuracy. 
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(54) METHOD AND APPARATUS FOR MEASUREMENT WITH IMAGE 



(57)Abstract: 

PROBLEM TO BE SOLVED: To easily measure an image by 
extracting a photographic parameter of the image based on images 
including a known pattern and an object to be photographed from a 
plurality of view points. 

SOLUTION: A compound camera 1 has a left camera 1L, a right 
camera 1R, an optical axis direction-adjusting means 6, a ground 
line length-adjusting means 7, photoelectric converting means 8L, 
8R, focal length -adjusting means 9L, 9R ( a main control part 10 and 
an image memory part 1 1. A measuring person photographs at a 
plurality of positions by the camera 1, a flat object 2 having a known 
pattern and an object 3 on the object 2 a three-dimensional shape 
of which is to be measured, while confirming images by a monitor 5. 
Photographic parameters (a position, a posture, a ground line length, 
a vergence angle, a focal position, etc., of the camera) are estimated 
based on the photographed data with the use of the method of least 
squares, Karman's filter or the like. Accordingly, necessary 
parameters can be detected highly accurately directly from the 
images. 
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64) MumsFiicftzmiiHisui 
(57) immi 
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(b) 




(2) 



f$M¥ 9- 1 7 0 9 1 4 



«jSHftB*» h ©BBC MBftOMtfe"? ^ — * £ 
tttB-r -S c i: £*Mfci:-*-3nBita#8s. 
[B#*2] (fi«H«#E^fcg!E»i©^*-i/&»- 
m^©«*£lf§-&¥&i: LTmig2-o©K^ 

*it©a»«jfetiB * h © mmz ms § nut/ ^t-t>* 
im aris 3 ] mtEE&aw*- >&j&##'>ft < 1. & 

[B#B4] ffiBB«#^>fc«»i©tt«s*j-r3B 

3|jf^£BBSs^©fc*£ft5-fc£1$8&i:-r&MB 

x x?mm.<D k«*s £■&%■&% z£ %i&m £-$■%> 
[it*iH6] HiiaB=*7ai5ttaai^sttx bsbb-b 
«t xm&mmmaiz * it a n re*-*^*© = *7G*ett 

flhtB^Sfc *> £ 55: 5 C t £#$t i: "T S B*B 4 C §3tt© 
BBM-BBB. 

CW««7] BK«B^?*-*tt»B*«©ffiB, 

*«r«i:-r*ai*« i fc8B«©BB«-w#as. 

< t * — o<o«e«*©» V3tem«**a kH&sct 

*¥i®.fr SSf 5 £s3«©B&ft8iJ=£Bo 
CB*B9] ilulBBB^BttaifcEeMB^Bx *fctt 
ffl^iSS*®, H fe tt«U&ggBHS#B©'>& < i: t» 

5 {cl3«©iS^it«iJSBc 

[WsRiftlO] *MH«A*3£^CBE»©»«S*-rs 

m*©i:> §S&¥#BB&§3B-r3fflBg3B#@i^ IS 
B^ttBBfc: *foS 1" £ / *5 / - * £ S3S-T 5 £B' *9 * 
— *83«*©i:> *J<fctrffiB*B^"*-SWBB5<*S!4: 
*» 6 ft S Z £ *¥}®L £ -T S HBftH&B. 
[B#« i i ] iiuiBB&no^-vttSv^lS&Sf* 
« & * f & £ ft © * % - > *»e> ft s - i: * ttst t -r s w 

1 fclBBOBBBtl-W^iS. 
[B#B 1 2 ] Hu§affl&3MSfcL «ft©ftS&^@©- 



#fcffe#fcT-Jlft5B«goaSEB£«U 

K ffl ^ 3 d i: 4: 1- S W*JB 8 C ffiti©BB&HH£ 
Bo 

CiSsRiM 1 3 ] laffBB-B^ttttSBfcB^SIiaJ 

ft S c £ zm&m 4 £IB«©BBIK!n£B. 

[0 0 0 1] 

[fSW©«f SfiHS^B] *^B^{±, «ft*l^a»£>©B 

0Sittf*^^©«»x ^Bs «§uiv n«tfs> b 
^EKiRHW ^ft ir^ttttj^- & m&mwism. a «t t>*« 

f&Ji? * (cSr3V^T^©H»:^ff$tt*ItWA > -^S 
j^-T 4 BB«9i-«*«cDtt«d»t:* -T 5 1> ©T- & & „ 
[0 0 0 2] 

[t«*©ts«] m*. mmfrt>®tt.<D=KKmtt5 : -* 

ttttli5<fc^^?£* s ^ia¥5 - 3 0 3 6 2 9^&f8, 
^M¥6 - 2 0 8 6 1 0^&$a, «^«f8iifs^iiA 
ligD-II (Vol. J75-D-II, pp. 7 3 7-7 

4 8, 1 9 9 2) ftifCM^ftTV^o 

[0 0 0 3] Ctl?>{it)^©IS«©^^fflt>Taft©a5 
^tt^-^W©ffl*ff£tBS:»aii-S*)©T-, 

6- 2 4 1 7 3 l^&«icHI^$n'rv^4. £fcs Jf^ 

* s ^ia¥6-2 5 9 5 3 6^&«Cra^**xTV^5. 
[0 0 0 4] 

Li^fc-rSBlB] b*^Uft* s ?»±l3ti!e* 
m<Do%. ftm¥5 - 3 0 3 6 2 9^$g, *RfBB¥6 - 
2 0 8 6 1 0^fi$g, B^fflHRaM^BAttD-II 
(Vol. J75-D-II, pp. 7 3 7-7 4 8, 1 
9 9 2) tt*^7©ffiB*5J:U c gl5^«^©*l*t&Bt: 
«rf*©JBtt» ^<*B±©««ft^C<tt>-r^tiE5ilc* 

[0 0 0 5] Sfc^SB^P 6-2 4 1 7 3 1 

Pc3Ii^A s $)^v V>m©0!l*)*^5©S»S» fi^ft, 
^j^ffiB, *>*iV^ftif©iRllt»«*^«)«»JSJc«e 
IELt:43<'i:>54 s feofco ^^£o■r^^^©^4B^ 
Bit'StO'&B^iBB^-SBtinfeA^^B*©-^ 

5 ^ — * SrlSS-T S Z £&T-Zte^£^o 

[0 0 0 6] $fc#i¥6-2 5 9 5 3 6*&«T?tt- 



(3) 
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[0 0 0 7] *#gB^(i, ±83(je*«l©IHIjH^ftlWtgt- * 

m»flEaJM^^5>«— *©»ffiN sHfcfl-aa'TfSSHiB 
W ®«tfB«B©SHfc £ @ W k 1" £ & ©T- 

So 

[0 0 0 8] 

HBttB^i&avinfKH-SfilSBtJu 
(1) ft»io^4'->43J;V*^*ft*tra»«^iSi* 

[0 0 0 9] (2) fl*BW&* s E^fcBfc»l©^* — >fc 

[0010] ( 3 ) HlJI3B5E^D©>'^->tt^* s, > : fe < 
k *»«4W9tH»a*9«Lhfc#a£t- S - k ztmt-t 
SbubB (1) CS3*©iffl«fcttSa^ffi. 

[0011] (4) ffifiH»#EV^«»l©fWR&*-*- 
•5fg-ife3*ttk'>& < k fcffl#WC = «7Gj&tt#*»l© 

ks »=*7cJBtt««&83«-rsiB»#Bi!k, *5«kaqB 
B£B^*4llB*i^«kfr£&s-kfc«p*k"*"* 
B&stiBi^B. 

[0012] (5) «a«BA**«tt, »^*»«-r* 

m&^m& <fc t>'Hf£©l3ti*a k 6 «e S £ k k 
-T 2, Hula (4) {cl3tt©iB^I+«iJ»So 
[0013] ( 6 ) itulBHftSJfcttttfcb^l&yu S5IBI8 

7GflMKatti#&kJb»£&S£k&1$&k*Siifif3 (4) 
fc8B«©iifMHi£B. 

[0014] ( 7 ) 83J3»*'^ ^ tt«Mfe*a©(ft 

ck*^SStk1-5miE3 (1) fclB«©B!Btta!WSs. 
[0 0 15] (8) flggfflllfe^lgtiu «»©*IS*©k 

dk^SSk-T-SiiuiB (5) £f3*©iIi<£it$J^Bo 
[0016] ( 9 ) Mf5lt4l^@i!tt£*aitM£3M& * 

13 (5) Kg3«©iSf£lt«i]^Bo 

[0017] do) teew&tfs^fcBEsn©*^**! 



*3^T*«l^¥<*;iii^S:A^1-5A^#g!k, 
jBflfc{c*fjE&1-5«^^^-^&tttti¥-iak, »*2f(* 

S^^^t— ^&i3^-rs«^^^-^i3S#@k> 43 

«fc vm&* «^-r * snB«***a k * & & s c k s»« 

k-TSiiil^ItfflSSo 

[0 0 18] (11) ISii3gE*0©>'^->H:SV>{cM'5: 
2>HuI3 (1) tg3tt©BJ*lt?i]^?So 

[0019] (i2) HuSBfi^j^fciu m®.®ftffi^m 

33SB-«^#lBlfto8i»tflb*ttii!fia»-*3f(*illfeo 
BE»c^s;:k*4$*k1-stuI3 (8) £B«©Bl{fe 

[0 0 2 0] (13) B3E*-*¥(*J±»3te*?*fi»>J 
UTftS^kftlWKk-riffilffi (4) Cg3«©H«fettffliJ 
^B. 

[0 0 2 1 ] CiotHui3©ifl*J&^1"St)©T-fe 

& o 

[0 0 2 2] 

trBftajAffiB* £©lB&k:«-3 tili&©i§ft^ ^ - 

^^fflm-rscks^sstk-rs. intzitx^iwiffe 
Djtek-rs*)©tfe5o 

[0 0 2 3] *aiSSiC^S^2©^H J §©jffl^lt«iJ^ffi 
(is fiteil^A s Sv>£gE^©/^->£5&-&^*s fif 

B*»&©IHIftCl6r3g»«y^^-^&atti1-Sik* 
[0 0 2 4] *tBBBt:«*SI5 3©»W©lil<fttt«l*iS 

[0 0 2 5] #ffi«C«<&MU©»ra©l!Biraj«B 

au ffiBWW^sv^csuaicwaiwrasis-ift^^ 
'j>& < k fc»#flij£=&7G^#^©8— *5#k* 

m wzkftte kfc J: t) ffli*^ 5 * - * £ £<bs -ex t> 



(4) 
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- y ft ^ if SiStiS^ffiB* 1 ?> ©&¥f*B& SfftlloT 

[0027] *m»fcts-6SB6©«w©iiiifcSi-ai«« 
a:, =*^tt»ffl#s#*Hft¥#±©BrS©jafciH 
h -r 5 «sms« jris^®*? <t v&mmmmz *> 1 * 5 

»r«^f*©=*7c^»ttJ*8!# ?>& * - t ft^fi&i: 

1-5. cncj:»)Bi-*3?ffftna:*ftie*^**Eiii 

Ifc b T m h n 5 «jR©»««tt ft iS«t J8 fc &t£r 1" 3 c h 
A s njt£i;&5. 

[0028] *\&m\z%%>mi <DfflmmfoWrWs& 

14, ?l«U^/-** s f§«^8!©&Bs &J*UE 

15, iRHm$B©'J>^< oft^trc i: ft WfiSt^r 

tt#fc*ip ft ©»(*BiB£jsaG*W«CfT 5 c i; * S T- § 

[0029] #h«hc:«sj8 8<Dmwmmmmm 
it, »«*gw«R©jM&#®fc'J>fc< ht>—?(Dmm 

[0 0 3 0] *miPtc^SB9©#IW©iB^itffliJ^B 
{4, ilB^&tfSlftfiH***^ £fc(4H«i£!HlSS^ 

vffcSCi:ft#mi:-r5o diiCiOftlft 
ft M^f* i: ft ft ^ b T , A * 

[0 0 3 1 ] *tBWC«SS(S 1 0 ©*9!©BBtt«l«fi 

{4, ffigw^* s sv^{3^p©#mftwr€)^-fe^*s 

ffij£©»n«^<*fc*«*^ffiBfc#v>Tli,&tt3fi* 

^ftaadrsffl^^^-^atti^^ *-«^<*©- 
^^j&scfcfti^aii-rs. cntc4 •)ffi&*i^&B*> 

^Bfe^iB^c^ffi^^A-X^S^ifctt^ft 
A * BB^- 9 ofr ft ffl v > x ft o z t & 1 & 5 o 
[0 0 3 2] #tt5Sil£Gfi5S§ 1 1 ©»flli©HHfcttai#85 

{4s |^>^* — >#5^KMfc5— fc^tt^ftWI'S 

BBfr£gBK#»ja©G^ft#»5Cii;#-t*§> £^ 
S#pj|gfc&5. 

[0033] *m«t:»*JB 1 2<D&W(Dmmmmm 



83Sg— ^{*BB©^£ffli^5-fcft ! 83St2;1"5. - 

-f5Ci:* s T-£fe. 
[0 0 3 4] *tBfiSKfli5£ 1 3©$8W©BBft8iJ^B 

{4, M5-«3ffr±t»3tt*?*ffi5'il''^*:*-^**** 
[0 0 3 5] 

mmm} wt, EiBft#^bT*^©^wjftra 

[0 0 3 6] (*S£0'J 1) II {4*^BE^J©a*«fi)cll 
t*fet)> lt±BK*^5-C*5»<ft*«, 2tt8t»l©^ 
^->Sttl>fIttftft> 3 {4¥fflfvW* 2 ©±(cm 
^nfcH^5c^ttftffl'J^^T^f*v 4i4Bj^S^ 
IS, 5l41glfijM-7 lA^CBffe©^-*, 1 2(4JKtt 

[0 0 3 7] JfB3Mf8U4E|l (b) fc^-r«t-5C, * 
fflC£A/7 l t t.&1j*7 l«s *4Vl t i: li 
©#MtfriRlilS¥®6, <«*.« 1l i: li ©^ 

B*©£;£(fcBlfflffilB) PS#IS7, 3tt*»?S8 

i , 8, , minssMmm^mSi , 9, , i 

0, #J:irA/D£ai#itfe*«**fcB*ffi1*ffil 1** 
1-5. »B^I8fcbT{4^*vk:«fc5BB©i6;ix> 
fcifftHIEU Bilfeft^^b1-3fc«)©*^*x?IIE«« 
(^H*) ft^«BbT*<tv>. 

[0 0 3 8] SiJ^#{41SiB*^^ lft^(C^foT¥ffltt 
«*2*54U t H*7C^tt^3©¥ofeB^ft ; e-<5' 5 

TfssfKbJ&^feattctficBTf^s ft»*rr5. 

BilWna*® 4 t4AB#IS 1 £ rtj&bT t>fiv>. 
[0 0 3 9] 112 (a) , (b) (c) , 

( d ) \zxmMmxm ^ 5 ¥n*#&f* 2 ±©^^ - 

ft*1". 0 2 (a) ©-H* — >TJtM*»J&P| » . 
p 3 , {45VMcM^5fifflft*1-5fef't§ F» V* 

T^5. C©^^f r©Sff^JfcbT(44 5 ^A J ttii©Stt 
X, JSimt-f X©S5&5«Rtttc b* v V ftiE^iJbT 
*)^V^ 0 *fe|i]ST*(4^g^iaj(- h'-v hWlt^X^S* 
t), [B]-*g±T-(4|5]blWJSftW1-5A s (fefflttBft* 
fc©i:1-5) s cntc^^T-tf-'fX, »JK. feffl*cif© 

02 (b) f(4 (a) tHttffleWgHfb^- 
>(4fi^* s ttil-C-t»-'f X©M5& 55©ff$± tFift©^^« 
ST-E^J1-5. d©^^ X©i£ff^Ji:bTS^A s tt3tT- 
X©M'5:5^^±K:ia?iJbTfe4V%. 
[0 0 4 0] H3 (c) TttWSOIivf-fcSESIftBft 



(5) 



ft M¥ 9-170914 



2, 3*dtr««3©iB<ft*»lfel/feKft«Si*H*l»« 

tB^*e>ffe*o«Ma^ffv*fiii«sxtti:u y$s 

•••©{4B£ (X, , Y, , 0) , (X z , Y 2 , 0) , 

x-ai-r tiffltn. 

[0 0 4 2] 

[ffcl] 



^SAMSfiWR 0 3 (d) T-&S>£JI&Sfe*g 

£ m t z> x 9 d * ^ ^ - > & m ^©#7f mm T- ^ 3 
(c) fcpafcfc^cEJULfcfco-cfca. -eoffc 

L-TfcJ:^. *fc, tl±©;i*->y«i^£:l33?yb 
T«^b-Ct>^Oo 

[0 0 4 1 ] c©£3fcBE»^* — >i:bTttE^fctt 

*^iy& (x L . Yl , z L ) aymmr\ ds&Ol nzmmakKtni&3. 

(x L . y L ) tt«>ihli.hMBaNHR. (u. v) *i (x L , y L ) ± 
/*9*-*tt<i#pC?B«* (X R , Y. . Z, ) Kfcl/vtfclUflUdffiffiStt 

s. iea^fep= (x. y. z) t *>^*^5^e^c L = (Xl , Yl , 
z L ) t tt*pt?fl*£&c = (x, . Yb . z, ) T ^.vnmsm 



do 



Cl = Ri. P + Tl 
C =Ro (Ri. P + T l ) +T 0 

CT. d itZ. H l v Xl (i 

cos 0l 0 -sin0 
Rl =010 

sin O cos/3 l 



cusai. sinai. 0 
-sinctL cosa L 0 
O O 1 



(1) 
(2) 



1 0 0 

0 cosTl sinrL 
O -sinYL cosyl 



[0 0 4 3] 



T L = (Tk . TV . Tk ) T 

ST. - (T5 . T? . TS ) T fc©7& T o=T» -Tl . ©JfeftfflttSaSK 
(B= I To I ) . 

tc**?mmt-C (Xl , Yl , Zl ) iZtiZ&bttAtJOtyVKiSt&Z 

US2] 



(6) 



ftfflW- 9- 1 7 0 9 1 4 



'u L ' 


_ f r. 






+ 




V , 




. k. 


Y,. 




vis 



(3) 



(Xi . Yi , Z i ) . (X, , Y, . Z, ) . *sitt 

*n?fcS£fc*fl|fflbT. 8aa©»#matcm-sffl£*i!Mk W*> (uV , vV ) 

, (uk . vi ) . fcAtf (uf . v? ) , (vS , v! ) . *rfOT 

Lx±ism^^*-f*ffi£*z*&8i#> -m*mttZa Oa = (o, o, 







r k u f L 


0 


0 


uk 




0 k 


uf L 


0 


vfc 






k 0 


0 


1 


0 






0 


0 


u 5 1 






0 


k« f r 


0 








. 0 


0 


1 


0 





[Rt. Tl \ 
I 05 1 J 



ta<* mmmvA= <x. 



RoTl+To 

i 



y. . z. ) T K*>stma©;te£*p<9©fl 

«±tfi«Ui = (ui , vi ) T , CJ5 = (u! , v! ) T «JUT©:£*>e»#«>£ fc 

Z. IP (4) 

(5) 

. s„) T . 



W L =M L (X, Y a 
W* = M« (X. Y. Z. 1) T 
i^tCW 1 - = (s L ui , SLvi . sl) t . W" 



= (srU, 



SlV, 



si s. ax^-^^-^tsL =Zl . s. =z, 



[0 0 4 4] ±sct:<t5*i3©^est±**n>'^^^— *© 

iMftiSMbaFft *HSS^JT-{±S (4) , 

(5) fc«-3S-o©»fcffi«fc#v>T»&*l*#*© 

A, MftA* *&£Sg«fc£f) ©*S£*fT-5. WT, a 
i , /?i » 7l i:ao » /?«> To ^/H^Tltlfe^.* 

ft, #3BII3£:^TfcMf&^5M-*©«)|4J 

iaatj:±aufc*isciR«-r*t)©Tfttft:v^ 

[0 0 4 5] 04 tt^feSH«ft*IW^©«yi7 n — s 

[0 0 4 6] flHk«©JRHW«ttai«!a (SI) ttu> 
X©Sft]RHftW-«lf 4t»©-C*»WT?B:l!E»I©ffiit« 
2*/H^TB^©Hlf<uaJlfcJ: 
#!l.£f£IEEEJournal of Robotics and Automati 
on, vol. RA-3,pp. 323-344,1987, h£(£IEEE Proceedi 
ngs of International Conference on Pattern Recogni 
tion, 1990, pp. 246-253) SffllMilSti (-©US, * 
**y5©j»jSffi«t»-&fc*Ttr»UT4»J:V^) . -© 



©rere a b * 4M* 3 1 «E*n^ * - > 2 i: & m ts» 
[0047] H5tt«ift^7^— j'H-aijjaa (S4©s 

2) 07D-^t. CCfttgE^^->2i:W*3 
fcftSMRU « (4) , (5) K*t5S«/]\-SiSU SK 

j5»H *@**£u ^(ss^ir) ©j§« 

*fTd. ft, «£#tt&^f*B^£^-*5T-WI3b& 

[0 0 4 8] 5fe-T, attgg&USi (S2-0) fcbt§ 
A^Il 1, C««S*lfc^«J£ffi©3fc*W«ffi 
#®*&©^»tt!»«^ *(**©«©****»¥<*: 

i^sstit*BK*^ rasas, is^©M», stfctx- 
©1 lfciati-r*. 

[0 0 4 9] B&^^KW^-^B&fiiMi: 
K^llttfR«©tt8'Jffia (S 2 - 1 ) ftfi *gffi 
^Jtrii^©fetf){cgE5EQ^^->0iJi;bTll2 (a) (c 

^■r«tdt:^©±tm^©^^*T-#«b, «t&© 



(7) 



ftHI0¥9 - 1 7 0 9 1 4 



tZ) — >£{£-5*>cr>£:-r5. (S2-1) lid® 
>iR«*Wt)tBf &»ti©T»»5. CCTfttWEtt^* — 

> ©T*tj©ft * fc an 3 ©?pK)flti& ft * fc itm 

mtmteZk&tl,, ft*fett»JSW^{C»r3V^T« 
«J*ft»£i:*JB^TW&daWfl«SfT$. ft, liOOffi 

M ©*iftfl«jft«, ¥*9fltlftffl> ¥±9fl<3ieje©d*., m 
\% 3 ©«<I4£:#I& 5 &©£r£ffl bTfr? - i: J£5 o £T* 
*>&i^. 3^tffl»)ffiWG«©lKifcCfte>IIH££aiSbfc 

[0 0 5 0] iJpl^^vr (S 2 - 2) fciBE*n/t*-> 
^ft£Jj§U&£bT«^^- 

•c>pj©t"Ci»*iqUcYi «u spartTf-tntatss-r**^ 

CX, StXi , Yj $Si:ifi32b*>o;&3^i:& 

[0051] Htc^nsE^j-r-tt^*^ 
* 5 mfexmcomm^? * ©it sg, afctttt^tt©^ 

5 y * ** Htt eiT i: & -5 * T ©SI * ff 5 . £ ft AM 
It*. *& (S2-1) S^W^ottllfcff^&i&Kx 

Cfc#a* bv^ 

[0 0 5 2] flWt^7^-^ia*«ia (S2-4) gift 

swa*?*- * jc ^ -r s js&; ^ * - * * Bfteett? 

[0053] Be. 07 tt#HJ£0iJ©§3ii7 *- v v h 

om £ . ei 6 (i^ * * v *x mutt * h*5*- 

bX#-®bT»§3i£ft, 7*-*t»TfB:-o©«fc^ 

5 * t^jss-r s^be^t 1 -* ft 

So H7l±ffl*©iffl<fc^— *©fciwfc«ffcA<5*— 



ts. ft, w&? : --!?&mwjii}mx-E.mLx$>&^o 

«bT*J:V>. (ft, i4t^tiWXr7 7 (SI) J: 
(S2) (SlMiCLfe!), SK(iSaUT**HJ£fi?iJ 

[0 0 5 4] m 8 ttH^TC^ttltffliJMa (0 4 © S 3 ) 
©7D-$$t. (S3-0) ttK«#ai lA>e,©Bi 
ftr-^iWSiS («&;t^-*£^tr) ©^ 
^iBb®aT-fcSo (S2) 2:nb{MMWe® 

«B6* ^7l*^ ©%<£ 3 ©i*H^©^^ra?l^tt 

mans (s 3 - 1 ) , *>«fctf (s 2) T-we>n&aife^ 

©Z«Hffi«H») »ai«ia (S3-2) Srfrdo ^ (S 
3-1), (S 3 - 2) ttSE#©#85fcffl^T«k^#s 

#*j£0ijT-fcfc (s 3 - 1 ) iz&^Tttm&vmmm&m 

[o o 5 5] mmm<DmiiisX&, (s3-d t-7d 

* * #ai * fr o t n&mm y □ >y * m©*b h«^ - x t* 

-y ^ H©fflM«*«$lJK £ bfe ») , ^ii?lMiaM14©(R 
5£fcS^T£*!**u ?^©^a^JS* s Sv>(Si:-fil© 
fi<J&S«t-5Ca9!^*iifcm^©H»«[*m«JS4:bT 

* «t V ^o Sic ttm «©^^T-^tB $ ft 5 jijg^ * S> *^ e> 

(ii:-ffi*s/jN^^) ^fflv-Tfe<t^„ ft, ^©.ta^ff^ 

aoas^fctiiiBtai vttm.x^%~WLm^nfo&&ftiE b 

tcpg e> T«S©ff ^ ©«^HIST- * «t t^o 

[0 0 5 6] *^«0HTftt*»|feffi«Tf»6ft4H«if 

a**OEfC^iE<Z)4*«jSl«i:if) T-**^^JittJb, 
©IS*^ftS^i:-rSifiSsffi** (HI 2, 

ffl v ^ fea mmm& t mmmse^mx- «t v > ) k*v>t«*: 
j;iw*t4iiy<5 ^ — ^ bt <t a ^7 v 

^ b-C-Rff^©l3m#IS («E») {Cl3Si-rS (S3- 
3) . fib, *«lHTtt8B**® («6») ffl«»tt1#C 
PS^b*V^„ 

[0 0 5 7] @9ttH*5SBttft^a (04©S4) 
07n-^f,t. HifeTcBtt^^a (S4) {±M*:5 
«*ffiBT»6ft3t«li*:3©aft©ffldfl<lH*7cB«7* 
(S3) T-aS^bfc#a^4^bTiS«S(c5? 

?ftt)*T«s^-r**©Tf*s. *s*^©i»«ai«* 

*tt©*lSttlBE«nf * * & tt«fl5**TJ HJfcTcJBttT* 
^fe-r^ft^ft©^-^ bT*© 
•t-S&^^SDa (S4-1) £ffOo 
[0 0 5 8] 
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P = R t (i) ' (C, 
±13 C( x R L (iX T^iJttiSlCfflttiltfflM^ 

X-tDM-VtX''?— ^^©HifeTcffiH b^) , 

(S4-2) tit, JK^JCgP^tt^— ^ffl 

(S3) T-*»fc{iiffjgic«^T3i#?-f 

(X, Y, Z) iHtttBfSOi^ftit-f Xfifftb 

HflfcbT (S4-2) £igfflu *?<b?naBii©ffi« 

ft£K^£ft£&©T-{±&oc<!;ttv^£T-&&^. * 

©fc-rs. y.±©<ta{c:uT^$nfc^tt7 : -^«i7 ; 

-^«3ttt*® 1 2tc§3$i;**lSo 
[0 0 5 9] W^^-^^mM (140S5) ttffMX 

S^ffl^— ^S^fiE-TSMST-feSo ffe©^#i£fcb 

[0 0 6 0] *HSfi0>Jt-tt¥H±atE©±^«:3 SB 
V > fc £ It T \$MW 3 ©J£S £ ^tr -e ©ifi(g©H&x;JKtt 
£attST-§&^©T% ««nJtg&«HT (S3) STJCD 
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bTBE»^^->±t«V^T (S* ) *»e>l?l«t (S 
3) IS-eofflS&fToTfciV*. (S4) 

v>£fifc !?A s ;&6<fc5£bT:fc< Ci;^ KM* bo. 

*5^Tffl*©^-7;*— ^ttSfflV>T±S3M^«y(Q!S 
(S4-1) SrfTofc^ «fcS«©*l««yifcfTV\ 

#£}IlR-r#x»£<fcV>o {&©#&£: b^tt^i*^ 
fcfc VN-C ^es^sffltts b T 43 £ > «l #§iiir-r 
sj^&^t^"— *£-5 b©{4s-&fc-a-^nm-rs±i3 

ffifg£& (S4- 1) *fc#»Tt>J:H. 

[0061] cmitm 2) no itmmm 2 «d»«^5 

1 ©15 fcfcfjtSbTt^-S. 
[0 0 6 2] *HSfifi?iJT*ttffl^®A s #Bfi©*^7-r-ife 

m±x-m>m; - «fc v««;#ia b t#«-r s <t ■? 

lf§ (St(ii+kf| ; 1) © 

[0 0 6 3] 
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X'<®J»(D±Btt$:m & Z £ tfiX £ Z . 
[0 0 6 9] (§Ufi0J 5 ) H 1 3 £#^Jfi0iJ 5 ©£&4B. 

f«©ttt, ©Minted 

^v^-^JSJMLS (EI4CDS2) (iHSfi^Jl k|Bj«(c 

am, gmtttm-rz 2 DnftsiBiMK 1 2 tuais-i- 

6 (S 6) o 

[0 0 7 0] ^£©|Sg, £Wtmtkb<D& 

fi^bfc^ffistJt^g, %i»cDjtiem9i (S7) 

»««tLT*-r SB**E«*S1 2*>6DfVtUbT 

(ss) > 7 s fca^bfca^ffl^-^cjox 
1-5 (S 5) . 

[0 0 7 1] miLli. -%®*i*"7frt>(D2DW®L*i$i 

T&zttfi&in,^. *z x-tm^m tisx itmmm 
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[0065] mi 1© (a) &nm-g±izma<Dftm'i 
*->ifiMmztixi\zmi!iZs (b) &ismmm*<D 

rzm&>^*-*mni!m (m4©s2) ©pg©stii#? 
[0066] (.mmm 4)012 &*mmm 4 x-mm-t 

^5. *HJE«aj©<tdt: (*) awa«±©«f«^^- 
>£fflt> 5 C t <fc t) £ff0l 3 J; t) jgci&fsn-eojf ft 

[0 0 6 7] *Sltt«-ei±K»l/^->tt*W*:3 
[0 0 6 8] d©«fc^lCbT±5EbfellSK^JT-H:*^- 
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mmft£t)®%.?z>zt#w.$.v^o fiu -&mm%.m 
[0072] *nmm 5 T-fcm±© £ -5 &a^i§!©te 

[0073] {nmm 6) ti^i^y 6 ©HUSH 

T^So Ell 4<£©S*#J£6 Oiim^JK*^*^ 
?3^ttz:&7cW1^^*->S*©E*J^«fc^. fett 

><Dfrfrt>® i &(D^%k ( r=&5onM6w-«j #d, mm 

m ; m&S. 1 9 9 0) K i D43*J**»«:=*7c^ttft 
Tfflv\ igfB^ * - > ft^ir££«it©*f*S/£ («H) 

[0 0 7 4] *JIBS«fJ-C*(i^C 

mmwmzm^ actci!) fto* 5 ***©*^** b 

«0|»©*fJ6^«|!*«H^>«S«©±IR*&«±TIR*» 

ci i: t <t t) ffijscHftTaettT 5 -^ ft»ai-r s c 

[0 0 7 5] (ft. — o©«3fe^©T?tt»«tfa«fc<fcoT 

3te*©*«rf*©«Bfctt«u awfetftiscfBUTiajte* 

Kftl2J?)#;LTfc<fcv->o * fcfcM* 3 LTIi 
[0 0 7 6] 7 ) *HJE^J 7 ffct, tttt 3 <DB 

4HWB»K«l«>TaffeU tH«iJ;*ftfc1f 

[0 0 7 7] »m{ft«fta£*T6Bfl^£»3»&B\ 
gp#C^* — >ftfl5?)Ot*TI^«©ffi3ft^t>jI-r. * 



[0 0 7 8] *HSE«aj7tc:j;nKs X©it^W^§ 
[0 0 7 9] ( HS£0iJ 8 ) #HSE0g 8 CiSVT^ElTjs© 

bfco 

[0 0 8 0] fih©fltJftti:£ffiffll 1 tmtx&z&s -© 

|PIb«lHCJR«>T»ttlbfc»-&K:«-*<i»S^>»-C^SC 
i: £ <fc oT4tSM^7y-^ ^ fettH^TcffJtt^- 

[0 0 8 1 ] 

IStfl^<4BA> £ ©IftCi^ § Biffcoafc^ 5 * — * ft 
Jfttts-T f. £ i: tc «fc Q „ *^(*a*i$fc:afc*®©{ftBx 

^ ft mmmz mmmt 
[0082] *mrac«*Ji5 2©»fl8t:«tnKx &eis 
#*ss^KSt^n©^^— >ft^— ^©fs<*ft 
ur— o©*^flk©*ft«j»(ic«*>e)©BB 

mm, a i ©tif^y ^^-^^ Hf*©^ e> n 

[0 0 8 3] #mBBC&£^3©3gfy3C«kixfcf, gt^P© 

ftS'Jj^ffi* < T ^fi^^ ^ — ^ ft^ffiJSCft^jRl 
IB J: bfco ^lcfirgB3{^As^D©^^->*s#^®±jc 

^^©SS'S if C «t ») M^»cD^^i:!|tJSl6l±* J 
[0 0 8 4] *i±JSit:^S^4©^ti*i« N ffiggl 

^* s suteE*p©#^ft*-rs^-te^^ 

gB^-WtcH*^^* 5 *^©^-^^^ ft^^tt 

e 1 43 v > xM>tz®MQm&K.Mm -r 5 a&; ^ ^ - 9 ft 

«: i:" K «fc !3 a ^ ^ *■ - * ft X<b * *T i> A ^/ * ti tz m 

[0085] *tami£&z&5<Dmjiiz&tiii£, xt>%- 
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z £ c «t *) , mws>- > s-£triMMS/SMfc«*> e. ©& 

^ttSJ^ £ * #>» -5 T * < £ t* T" <5 ^ - * ©» 
[0 0 8 6] *aHHt»S^6CD^B^{C<ttv{^ H*tc 

^ttj*ffi^©c:m^T8Hfc¥f*±©^©^£JS^fc 

[0 0 8 7] *mWK»S*7 0»Wfc:J:lx«x ttlfc^ 
[0 0 8 8] *mBS^S^ 8 ©$giU!fc:<fc*xt£x fll^ 

[0 0 8 9] ^msatc^s^ 9 <D%miz tt&* 

[0090] *tusatc^s* i o©«icin«, (4© 
Tx m~&^R<D—&7iftm&t*ti^fti&^&i&i&^ 

fcW*iIi<fc©fSffi*»"2.* A— X&ff^ii A;fr 
WMt— *> © £ ffl V > X ff o d 4: * J °f lb i: & S . 
[0 0 9 1] *a«At:#*SI5 1 l©#M3fc*iitt* K 

[0 0 9 2] *£HMCft**U 2©5BWCJ:n«, «BS 

ttwil8»-*¥#BI«0«l»Cfflv^ * - £ C £ t) **0Jfc 
tM8Jf*i:IK*n^* - > i: £ IS! D^lCiRtf>-C«« bfc» 
Hr C M- # # (J * « * T ¥ 2> C t £ X o T £ D 5 « *5 * 
* fctt=*7cJKtt5 s -*©W^*W«'*- i Z hi*X 



[0 0 9 3] &&mfc{&&m 1 3©$BE!B£<fcft«> 8?- 
[0 0 9 4] 
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[mi] ( a ) litmmm 1 ©«bk0. ( b ) izmm.^ 
®t<Dmfmx%z>» 

[H2] ntemxm^2>&tn^*-><DM*7rs-t&i.w 

[113] HJE^-r*fflV>Sf5E*P^^ — >©^!l*^1"3iB^ 

[H4] mmm<D±wmm<Dya—mx-$>^o 

[15] Jlffe/^^-^tt(±}«ta©7P-Ht'feS. 

[17] H^-^h^fJS1-sa^^7^-^©82^ 

[08] HJfeTcJI^R^— ^ffliBJaa^n-HTf**. 
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[eiio] njfi^j2©^^7^— ^iftaiiaa^p- 

[Hill] JISSFiJ 3 •C-fflV^fcgE«l^tt©gE»l^^-> 

[mi 2] ^tt«4K^T (*) mmizffi&'i'p- 

[mi 3] ^SE«?iJ5T-^P^^->^ffl'' ,l "Cti^*^ 

[m 1 4 ] m^m 6 t?* «ja3te#©*fflv^fc»^© % > 

Agp^-*fi5imT-* a. 
[mi 5] *^7^M©sttwm"C'&So 
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